The bioaccumulation of mercury in the food webs incorporating the major piscivorous fish species of Lake Murray, Papua New Guinea, has been characterised. Methylmercury concentrations increased with trophic level and the proportion of total mercury present as methylmercury increased from <1% in plants to 94% in piscivorous fish. Methylmercury bioaccumulation factors (BAFs) were similar to those found in temperate environments, with a typical increase of 1 log unit between planktivore and piscivore trophic levels. The greatest bioaccumulation of methylmercury occurred between seston and the water column (log BAF of 5.36). The bioaccumulation of mercury to levels of regulatory concern by the lake's piscivores was attributable to the biomagnification power of the plankton-based food chain comprising four trophic levels (phytoplankton, zooplankton, planktivore, piscivore) rather than any elevated concentrations of mercury in waters or sediments. The methylmercury concentrations of individual piscivores were positively correlated with both trophic position, as indicated by d 15 N measurements, and fish size. Stable-isotope measurements were used to identify fish species where dietary changes occurring with age significantly augmented age-related bioaccumulation of mercury.
Introduction
Concerns over mercury toxicity and the ability of methylmercury (MeHg) to biomagnify to potentially harmful concentrations in aquatic food chains have led to a need to understand the cycling of mercury in aquatic environments (Clarkson 1992 ). To date, most studies have focussed on the cycling of mercury in northern hemisphere temperate lacustrine systems (Lee and Hultberg 1990; Watras et al. 1994; Kelly et al. 1995) . Aside from the Florida Everglades (Hurley et al. 1998 ) and the Amazon basin , both of which have been polluted by human activities, subtropical and tropical systems remain largely unstudied.
Lake Murray is situated in the remote Western Province of Papua New Guinea (PNG). The human inhabitants around the lake have some of the highest recorded concentrations of mercury in hair for people not occupationally exposed to mercury. Hair mercury concentrations in adults typically range from 10-70 m g·g -1 (Mackenzie and Kyle 1984; Abe et al. 1995) . These high hair mercury concentrations are attributed to dietary dependence on locally caught fish, which have elevated mercury concentrations. Over the past 20 years, studies have shown that the mercury concentrations of predatory fish species from Lake Murray can exceed the World Health Organisation (WHO) recommended limit for total mercury in fish intended for human consumption of 0.5 m g·g -1 (Sorentino 1979; Kyle and Ghani 1982) . This appears to be a local phenomenon restricted to Lake Murray and, possibly, other smaller lakes in Western Province, as fish caught in other regions of PNG have much lower mercury concentrations (Sorentino 1979; Onaga 1993) .
The cycling of mercury species in the waters and sediments of Lake Murray has been discussed by Bowles (1998) . Although Lake Murray has the ideal physical and chemical settings for mercury methylation to occur, i.e., an extensive shallow lake with a large littoral zone, surrounding wetlands, frequent wet-dry cycles, and slightly acidic waters, the total mercury and MeHg concentrations measured in waters and sediments are generally low compared with those in other studies (Bowles 1998) . As most available evidence points to dietary uptake as the dominant pathway of mercury bioaccumulation in aquatic food webs (Hall et al. 1997) , the water and sediment data strongly suggest that mercury bioaccumulation is linked to the structure of the lake's food web.
In this study, mercury concentrations in fish, seston, and plant specimens, representing the key components of the Lake Murray food web, were measured. Particular focus was placed on barramundi (Lates calcarifer), a major food source for the human inhabitants of the area. In addition to total mercury and mercury speciation measurements, carbon and nitrogen stable isotope ratios were used as a tool to assess the modes of mercury bioaccumulation and biomagnification. This information was used to gain a better understanding of the factors leading to high mercury concentrations in piscivorous fish inhabiting the lake. Carbon and nitrogen stable isotope measurements have been widely used to elucidate food webs in aquatic ecosystems (Peterson and Fry 1987; Hamilton et al. 1992; Jarman et al. 1996) . The degree of success attained with the stable-isotope technique is somewhat site specific and is largely dependent on the spread of carbon signatures observed. The ratio between the carbon isotopes 13 C and 12 C (d 13 C) in plants is dependent on the photosynthetic route (Peterson and Fry 1987) . Since this ratio alters little (0.2-1‰) during trophic transfers (De Niro and Epstein 1978; France 1996) , this parameter gives information on the carbon source of heterotrophic organisms. In contrast, the ratio between 15 N and 14 N (d 15 N) increases typically by about 3‰ during each trophic transfer and gives a measure of the trophic position of a given organism (Minagawa and Wada 1984) .
Materials and methods

Site description
A general description of the Lake Murray region and its aquatic biology is given by Bowles (1998) . Only a brief summary is given here. Lake Murray, the largest lake in PNG is situated in a shallow depression on a vast floodplain close to the confluence of the Fly and Strickland rivers (Fig. 1) . The volume of Lake Murray is highly dependent on climatic conditions, and the lake has been known to dry up completely during drought conditions. The maximum depth of the lake is approximately 10 m and the mean depth is 5 m. The climate is typical of the wet tropics, with high temperatures (daily maxima: 30-32°C), high humidity, and high rainfall (annual rainfall of ca. 3000 mm (Abe et al. 1995) ). The vegetation surrounding northern Lake Murray is mainly closed rainforest, whereas the land to the south of the lake is dominated by open rainforest, swamp forest, and grass swamp. The littoral areas of the lake are dominated by tropical grasses.
Over 103 fish species are known to inhabit the freshwater environments of Western Province (Roberts 1978) . In view of this large number, the present study focussed on the dominant members of the major trophic guilds most commonly encountered in Lake Murray. Recent stable-isotope studies (Bowles 1998) have indicated that the food webs incorporating the major fish predators in the lake are plankton based. Nematalosa flyensis and Nematalosa papuensis are the principal planktivores in Lake Murray. Omnivores are represented by Ariidae catfishes and archerfish (Toxotes chatareus). Lates calcarifer is the most abundant large piscivore (Roberts 1978) . Other piscivores include Thryssa scratchleyi and Strongylura kreffti. Benthic fauna such as oligochaetes are scarce in the main body of the lake and are unlikely to be a major food source.
Sampling
Owing to the low concentrations of mercury expected in environmental samples, trace-metal clean techniques were used throughout all stages of sampling, storage, and analysis. Aquatic macrophytes, vascular plants, and filamentous algae were sampled from the lake margins ( Fig. 1) during June 1995 and November 1996 and stored frozen in acid-washed plastic vials or resealable bags. Samples of rainforest vegetation were not collected, as these were generally separated from the lake by extensive stands of littoral grasses. Subsequent stable-isotope studies (Bowles 1998 ) also confirmed that allocthonous carbon sources are, at best, a minor energy source for the lake's fish. Seston samples were collected by trawling a plankton net (mesh size 63 m m) at low speed for approximately 10 min. Seston was washed off the side of the net into acid-washed polyethylene or fluorinated ethylene propylene bottles with a small volume of lake water. Fish samples were collected in August 1996 and November 1996 using purse-seine or gill nets. The fish species collected comprised two planktivorous freshwater herring species (N. flyensis and N. papuensis), the omnivorous groove-snouted catfish (Arius berneyi), the insectivorous sevenspotted archerfish (T. chatareus), and three piscivores: barramundi (L. calcarifer), giant freshwater anchovy (T. scratchleyi), and Sepik garpike (S. kreffti). Small fish were kept as whole specimens, whereas larger fish were separated into muscle fillets or bodies, with the head and gut removed before storage. All biota samples were stored frozen.
Analytical techniques
Total mercury concentrations in fish tissues were determined by cold vapour -atomic absorption spectrometry, following digestion with a 7:3 (v/v) mixture of nitric and sulphuric acids (Bowles 1998) . Because of the lower mercury concentrations in the plant samples, total mercury was quantified using cold-vapour generation with singlestage gold amalgamation and cold-vapour atomic-fluorescence detection (Liang and Bloom 1993 ). MeHg in tissues was determined by alkaline digestion, using a modified version of the procedure described by Fischer et al. (1993) . In place of digestion in an ultrasonic bath, 50-1000 mg of wet sample was digested at 75°C for 3 h in a glass test tube fitted with an air condenser. The digests were analysed by aqueous-phase ethylation and gas chromatography -atomic fluorescence spectrometry (Liang et al. 1994 ). Analytical blanks and recovery spikes were also included in all sample batches. Recoveries of MeHg and total mercury spikes were always >85%. Absolute blank values were typically less than 10% of the concentrations measured in the samples. All reported data have been corrected for the blank values.
Tissues were prepared for stable-isotope analysis by oven drying at 60°C and grinding to a fine powder using an agate mortar and pestle. The ground samples were stored in acid-washed amber glass vials fitted with aluminium-lined caps. Isotopic ratio mass spectrometry was used to measure d 13 C and d 15 N in the samples (Bunn and Boon 1993) . Pee Dee belemnite carbonate and atmospheric nitrogen were used as calibration standards for carbon and nitrogen measurements, respectively. The precision of replicate measurements was typically 0.2-0.3‰ for d 13 C and 0.3-0.6‰ for d 15 N. Unless otherwise stated, all mercury data are expressed as wetmass concentrations. Bioaccumulation factors (BAFs) were calculated using wet-mass data as follows: BAF = MeHg concentration in the organism (mg·g -1 )/mean MeHg concentration in the water column (mg·g -1 ). A mean water column MeHg concentration of 0.067 ng·L -1 was used in these calculations (Bowles 1998) .
Results
Food-web structure
Carbon and nitrogen stable isotope data are summarised in Table 1 . This data is discussed in detail by Bowles et al. (1998) . Overall, the data indicated that the food webs containing the major piscivorous species discussed in this paper are phytoplankton based.
Mercury concentrations in the aquatic food web
The mercury concentrations in the biota sampled from Lake Murray are summarised in Table 2 . The total mercury concentrations in L. calcarifer specimens were similar to concentrations observed in previous studies of Lake Murray (Sorentino 1979; Kyle and Ghani 1982) . All plant samples contained MeHg concentrations below the method detection limit (<0.0003 m g·g -1
). The mean concentration of MeHg in seston samples (a mixture of phytoplankton and some zooplankton), however, was markedly higher (0.015 m g·g -1
). This indicated the relative importance of seston as a MeHg source for the pelagic food webs.
Mercury speciation measurements (Table 2) indicated that the proportion of total mercury present as MeHg increased with trophic level and ranged from <1% in plants to a maximum of 94% in the piscivore S. kreffti. This trend was illustrated by the strong linear relationship between mean percent MeHg and mean d 15 N values for the fish species (Fig. 2) . The overall biomagnification of mercury in the aquatic food web is illustrated by the plot of MeHg concentration versus the d 15 N value for each fish sampled (Fig. 3) . MeHg concentrations increase markedly in organisms that had a d 15 N value of >7. Similar relationships between Hg concentration and d 15 N have been found for other aquatic food webs (Kidd et al. 1995; Jarman et al. 1996) . The relationship between these variables can also be expressed by the following linear equation: log[MeHg] = 0.28[d 15 N] -2.88 (r 2 = 0.715). Both the slope and the intercept of this plot bear remarkable similarity to those for the relationships derived by Kidd et al. (1995) for fish in northwest Ontario lakes and also to those for the Arctic marine food web data presented by Atwell et al. (1998) . This suggests that the biomagnification power of the Lake Murray food web is similar to that of temperate-lake and Arctic-marine systems. Such global relationships are of value in comparing different systems, although the variability in the data limits their practical utility for accurately predicting MeHg concentrations in individual organisms of known d 15 N value. The mean inorganic mercury concentrations measured in all biological specimens were low and ranged from <0.01 to 0.067 m g·g -1 . Inorganic mercury concentrations showed some evidence of increasing with trophic position (Table 2) ; however, unlike MeHg, there was no consistent relationship between inorganic mercury and d 15 N. In view of the obvious importance of MeHg in determining mercury bioaccumulation, inorganic mercury is not considered further.
The BAF values for MeHg in seston and the various fish species are presented in Table 3 . Similarly to studies conducted in temperate-lake systems (Watras et al. 1998) , the largest BAF was observed between seston and the water column. This is consistent with the known efficient bioaccumulation of MeHg from the water column by phytoplankton (Watras and Bloom 1992; Monson et al. 1996; Watras et al. 1998 ). The mean log BAF for seston of 5.36 was very similar to the value of 5.43 reported by Monson et al. (1996) for plankton in lakes in Minnesota, U.S.A., and to the values reported by Watras et al. (1994) for phytoplankton in Little Rock Lake, Wisconsin (5.2 to 5.7). The difference between the BAFs of the planktivores Nematalosa spp. and the piscivores varied between 0.8 and 1.2 log units. This observed difference was consistent with studies conducted in North America, in which an increase in BAF of ca. 0.5-1.5 log units was typically observed between trophic levels (Watras and Bloom 1992; Hill et al. 1996) . The difference in BAF values between seston and the planktivores Nematalosa spp. was much lower (0.23 log units), indicating that the trophic transfer of MeHg between plankton (Nematalosa spp. graze on a mixture of phytoplankton and zooplankton) and the planktivore is not as efficient as the transfer occurring at the next trophic level (fish to fish). Further work is required to investigate the reasons for this observation. This comparison of BAF values should be treated with some caution, as the variability of the BAFs within each of the piscivorous fish species was quite large (Table 3 ) and, in some cases, was greater than one log unit. All three piscivorous species contained individual specimens with log BAF values of >7. These values are extremely high and are greater than BAF values reported for organochlorine pesticide bioaccumulation by fish (Davies and Dobbs 1984) .
Individual fish species
For all fish species, apart from Nematalosa spp. and T. scratchleyi, both total mercury and MeHg concentrations were significantly correlated with fish length (Fig. 4 ; Table 4) and fish mass (Table 4) . Such relationships are commonly found in freshwater fish (Mathers and Johansen 1985; Lange et al. 1993; Watras et al. 1998 ). The lack of any significant relationship between MeHg and fish size for T. scratchleyi may, in part, be explained by the lack of intermediate-sized specimens caught for this study. Most specimens were less than 150 mm in length, while one specimen was greater than 250 mm. Although the single large specimen had a higher MeHg concentration than the smaller specimens, the overall relationship was not significant. Given the limited data set, mercury bioaccumulation in this species is not discussed further. Differences in MeHg bioaccumulation rates between L. calcarifer, A. berneyi, S. kreffti, and T. chatareus were indicated by the slopes in plots of mercury concentration versus fish length (Fig. 4) . Analysis of covariance (ANCOVA) indicated significant heterogeneity of slopes (P < 0.05). These differences most likely reflect the different MeHg assimilation efficiencies, rates of change of trophic position with size, and growth rates of the various fish species.
Apart from the planktivores (Nematalosa spp.), MeHg concentrations within each fish species were positively correlated with d 15 N values ( Fig. 5 ; Table 4 ). This correlation illustrates the importance of the trophic position of the individual fish specimens in determining MeHg concentration. Even fractional changes in trophic level affected MeHg concentrations. Only L. calcarifer and A. berneyi displayed sta- (Table 4) , which indicate that trophic position increases for these fish as they grow. The lack of a relationship between d 15 N values and fish size for the S. kreffti and T. chatareus specimens (Bowles 1998) indicates that these species do not change their trophic position as they grow larger. Coupled with the MeHg versus d 15 N relationship data presented above, this suggests that some of the variability in MeHg concentrations in these fish was linked to differences in the trophic position of the individual fish, irrespective of their size.
A statistically significant relationship between MeHg and d 13 C was seen only in A. berneyi (Table 4 ). The factors influencing the bioaccumulation of MeHg by A. berneyi are hard to unravel, owing to the covariance of MeHg,
15 N, and fish size (Table 4 ; Bowles 1998). This indicates that A. berneyi simultaneously changes diet (which incorporates a change in the primary carbon source) and trophic position with size. Any one of these changes, or a combination of them, will contribute to the observed increase in MeHg concentration with size.
The concentrations of mercury in T. chatareus were relatively high, with 4 of the 10 specimens analysed having total mercury concentrations greater than 0.5 m g·g -1 . This fish also had the steepest gradient in the plots of MeHg versus fish Table 3 . Bioaccumulation factors (BAFs) for fish species and seston from Lake Murray. length. The pathway of mercury bioaccumulation is of interest, as T. chatareus is predominantly a specialised insectivore. Stable-isotope measurements (Table 1 ; Bowles 1998) showed that the food web of T. chatareus was partly influenced by energy derived from aquatic macrophytes. However, compared with seston, these plants were very low in MeHg (Table 2 ) and would not account for the MeHg concentrations observed in T. chatareus. This suggests either a slow rate of growth with age (time-dependent mercury bioaccumulation) or a very efficient mercury biomagnification pathway via aquatic insects. An additional possibility, supported by the high d 15 N values of some individual specimens, is that T. chatareus may be partly piscivorous. To better understand mercury bioaccumulation in this species, mercury concentrations and stable-isotope ratios need to be measured in their insect prey.
papuensis (᭝). (b) Arius berneyi (᭡), Toxotes chatareus (ٗ), Strongylura kreffti (᭝), and Lates calcarifer (). (c)
The L. calcarifer data displayed a distinct curvilinear relationship between total mercury and fish length, with little change in mercury concentration in fish between 550 and 750 mm long. This trend was not accounted for by similar trends in the d 15 N value versus length relationship for this fish, which was reasonably linear over the entire size range (Bowles 1998) . The L. calcarifer data displayed covariance between MeHg, fish length, and d 15 N (Table 4) . This is consistent with an increase in trophic position with size and, hence, an increase in the amount of MeHg in prey. There are, however, several factors that complicate the interpretation of the data. Lates calcarifer are migratory and regularly move from Lake Murray to the Gulf of Papua to spawn (Moore and Reynolds 1982) . Juveniles remain in salt water until they are 200-300 mm in length before they migrate to fresh waters (Moore and Reynolds 1982) . No data exist on the amount of time the fish spend out of the lake during migration, but it is reasonable to assume that mercury concentrations would be lower in L. calcarifer than in nonmigratory fish species that are exposed to higher concentrations of mercury for longer periods of time-assuming that MeHg concentrations are lower in the riverine and estuarine environments downstream of Lake Murray. This appears reasonable, considering that L. calcarifer from other rivers that also spawn in the same coastal region have lower concentrations of MeHg (Sorentino 1979; Kyle and Ghani 1982) . This may explain, in part, why the slope of the plot of total mercury versus fish length was lowest for L. calcarifer among the fish species studied. Lates calcarifer is a protandrous hermaphrodite (Moore 1979) , beginning its life cycle as a male and changing sex when it grows larger. Any change in metabolism associated with the change in sex could conceivably cause a change in the accumulation of MeHg. Using a length of 870 mm as the criterion to delineate male from female fish (Moore 1979) , around 30% of the fish sampled in the current study are female. Aside from some increased variability in the plot of mercury concentration versus fish length at lengths of >900 mm (Fig. 4) , sexual transformation appears to have little detectable effect on MeHg bioaccumulation.
Discussion
The data presented in this paper, together with previous studies (Sorentino 1979; Kyle and Ghani 1982) , show that mercury is accumulated to levels of regulatory concern by the piscivorous fish of Lake Murray. Over 23% of the piscivorous fish sampled had mercury concentrations exceeding 0.5 m g·g -1
. This is in spite of there being no conspicuously elevated concentrations of inorganic mercury or MeHg in the lake's water column or sediments (Bowles 1998) . How can the relatively high concentrations of MeHg in fish be reconciled with the low concentrations of MeHg in the water column? There are two key factors that account for this apparent inconsistency. First, stable-isotope studies indicate that, in spite of the abundance of aquatic and terrestrial vascular plants in Lake Murray, the food webs incorporating the main piscivorous fish are phytoplankton based. The mean seston MeHg concentration of 0.015 m g·g -1 was at least 50 times that of the aquatic plants sampled. This enrichment is entirely consistent with studies conducted in temperate systems, in which phytoplankton are known to efficiently bioaccumulate MeHg from the water column (Watras and Bloom 1992; Monson et al. 1996; Watras et al. 1998) . Second, the stableisotope studies showed that the food webs incorporating the key piscivorous fish comprise four trophic levels (phytoplankton, zooplankton, planktivore, piscivore). The length of the food chain and the associated biomagnification factors between trophic levels were sufficient to biomagnify MeHg concentrations approximately 30-fold between the seston and piscivorous fish. The relatively high MeHg concentrations in the lake's piscivorous fish are therefore explicable by the efficient bioaccumulation of MeHg at the base of the food web, and the amplification of mercury concentrations afforded by the length of the food chain. Several workers have noted the critical role of pelagic food chain length in mercury bioaccumulation by piscivorous fish in temperate systems (Rask and Metsala 1991; Cabana et al. 1994; Futter 1994) . For instance, in Canadian lakes, a five trophic level food chain, which includes forage fish and the crustacean Mysis relicta, results in higher mercury concentrations in lake trout (Salvelinus namaycush) than do much shorter food chains found in lakes in which trout feed directly on zooplankton (Cabana et al. 1994; Futter 1994) .
It was not possible to make many direct comparisons with other tropical-lake systems, owing to the lack of studies conducted in uncontaminated environments. Nevertheless, there are close similarities with temperate-lake systems. Biomagnification factors (a typical range of 6-to 16-fold between piscivores and their prey) in Lake Murray were comparable with those measured in temperate systems (Watras et al. 1998) . There was no indication of any anomalously efficient accumulation of mercury by any component of the food web. The greatest biomagnification occurred at the bottom of the food chain and involved the transfer of MeHg from the water column to seston. Lucotte et al. (1999) recently presented detailed food web data for uncontaminated lakes in northern Quebec. The mean dissolved MeHg concentration for these lakes was 0.049 ng·L -1 (compared with 0.067 ng·L -1 in Lake Murray) and MeHg concentrations in piscivores ranged from 0.3 to 1.41 m g·g -1 . These results are very similar to those reported in this study. In terms of assessing the risk of mercury bioaccumulation, the measurement of MeHg concentrations in waters and sediments alone is of limited value, unless the biomagnification power of the food web is also considered. It is clear that aquatic food chains in both temperate and tropical environments have suf-ficient biomagnification power to amplify water column MeHg concentrations from very low levels to levels of regulatory concern in piscivorous fish.
Owing to the remote nature of the study location, no data exist to demonstrate whether the observed bioaccumulation of MeHg by piscivorous fish is a phenomenon specific to Lake Murray or whether this phenomenon is also common to the numerous smaller lakes of the region. Given that the food webs and BAFs are likely to be similar in other lowland lakes, similar MeHg concentrations in piscivorous fish may be expected. It is interesting to use the BAFs identified for the Lake Murray system to calculate the fish mercury concentrations that would arise as a consequence of increases in MeHg concentrations in the water column. Hurley et al. (1998) measured water column MeHg concentrations of 0.5-0.8 ng·L -1 in the Florida Everglades (a subtropical area of wetlands and lakes known to be contaminated with mercury). These values represent an order of magnitude increase over the concentrations typically observed in Lake Murray. Assuming a MeHg concentration of 0.5 ng·L -1 in the water column of Lake Murray and a log BAF of 6.83, the resulting mercury concentration in a 6-kg barramundi would be 3.4 m g·g -1 . This value is comparable with the upper range observed for piscivorous fish in the Florida Everglades (Fleming et al. 1995) . This calculation illustrates the sensitivity of the system to increases in mercury concentration.
The data for individual piscivore species were notable for the correlations between MeHg, fish length, and d 15 N. Importantly, the results indicated that fractional changes in trophic status had a significant effect on the mercury concentrations of individual piscivores. Aside from Kidd et al. (1995) , few workers have attempted to make use of stableisotope data to unravel the role of food web effects in mercury bioaccumulation. It is well established that mercury concentrations increase with fish age (and hence fish size) because of the very slow rate of elimination of MeHg from tissues compared with its rate of uptake (Clarkson 1992) . This is the basic process by which MeHg is bioaccumulated. Most available evidence points to dietary uptake as the dominant pathway for mercury bioaccumulation in fish (Hall et al. 1997) . Fish that occupy the same trophic position throughout their life are exposed to relatively constant mercury concentrations in their food, and MeHg concentrations will gradually increase with age. Fractional increases in trophic position potentially result in an increase in the MeHg content of prey, with a corresponding increase in the flux of MeHg to the predator and, hence, an increased concentration of MeHg in tissue. Increases in trophic position therefore augment the time-related bioaccumulation of MeHg. Carefully designed studies are required to determine the relative importance of exposure time related and trophic position related MeHg bioaccumulation.
It is worthy of note that, in the planktivores Nematalosa spp., there was no relationship between MeHg concentration and d 15 N, despite there being well over a one trophic level range in the d 15 N data. The large range in d 15 N values (2.7-6.6) is a consequence of these fish feeding off a mixture of zooplankton and phytoplankton. A possible explanation for the lack of relationship may be the relatively poor biomagnification in MeHg on trophic transfer between phytoplankton and zooplankton. This is worthy of further investigation.
Most mercury bioaccumulation studies focus on surveying contaminant concentrations and do not usually examine food-web interactions and changes in trophic position within individual fish species. At best, broad assignments of trophic level are given, and change of trophic status with organism age is assumed to be unimportant. This study further illustrates the utility of carbon and nitrogen stable isotope measurements in understanding food-web interactions, and their importance in unravelling the processes of mercury bioaccumulation. Used in conjunction with mercuryconcentration and fish-size data, these parameters allow deductions to be made on the processes affecting bioaccumulation in individual fish species.
